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DTMB 5415 model at two different speeds has been numerically simulated using the RANSE code
CFX. The Volume of Fluid method (VOF) has been used with CFX for capturing the free surface
ﬂow around the ship model at the two speeds. The simulation conditions are the ones for which
experimental and numerical results exist. The standard k–e turbulence model has been used in
CFX code. The grid generator ICEM CFD has been used for building the hybrid grid for the
RANSE code solver. The results compare well with the available experimental and numerical data.
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Studying the pattern of waves generated by a ship moving
through the water is one of the most important objectives in
ship hydrodynamics, due to its importance in the design
process. The waves produced by a ship in motion can radiate
at great distances away from the ship. Furthermore, these
waves contain energy that must be dissipated to the surround-ering, Alexandria University.
. All rights reserved.
lty of Engineering, Alexandria
lseviering ﬂuid. The ship experiences an opposing force to its move-
ment; one of its components is known as the wave making
resistance, this being one of the most important components
of the ship resistance.
Potential and turbulent ﬂow methods are being intensively
used for investigating and simulating the ﬂow pattern around
ships. Typically, the potential ﬂow codes based on the bound-
ary element method (BEM) [1,2] are commonly used to study
the ship waves on the free surface and to investigate the inter-
action between bulbous bow and forward shoulder waves. The
effects of ﬂuid viscosity are neglected in this case and the ﬂow
computation is relatively simple, quick, and accurate. The ship
hull and the water surface in the potential ﬂow codes are usu-
ally discretized using triangular or quadrilateral panels; hence
the ﬂow is computed by solving the Laplace equation.
For simulating wave resistance problems in potential ﬂow
codes, the Rankine source method [3,4] is considered to be
the most widely used technique in this case. The free surface
boundary condition can be incorporated successfully in the
simulation process based on a so-called double model solution,
Nomenclature
V velocity vector or speed of advance
q density
p pressure
Cp pressure coefﬁcient = (p  p1)/0.5qV2
CF frictional resistance coefﬁcient = RF/0.5qAV
2
CT total resistance coefﬁcient = RT/0.5qAV
2
RF frictional resistance force
RP pressure resistance force
RT total resistance force
Fn Froude number
L ship length
ra volume of fraction of phase ﬂuid a
la viscosity of the continuous phase a
ui= (u, v, w) velocity components in the directions of
xi= (x, y, z)
tt turbulent kinematic viscosity = lt/q
e turbulence eddy dissipation rate
Figure 1 The hull form of DTMB 5415 unit.
Table 1 Principal dimensions of DTMB 5415 [12].
Length 142.037 m
Beam 17.983 m
Draft 6.179 m
Wet surface area 2976.7 m2
Water plane area 1987.2 m2
Displacement 12901.6 m3
Block coeﬃcient 0.506
Table 2 Test conditions for DTMB 5415 model scale [12].
Scale ratio 24.832
Length (L) 5.72 m
Draft (T) 0.248 m
Wet surface area 4.861 m2
Froude numbers 0.28 and 0.41
230 Y.M. Ahmedwhich was proposed by Dawson [5]. Since then it has been
widely applied as a practical method and many improvements
have been made to account for the nonlinearity of the free
surface physics [6].
Modern viscous ﬂow codes, which solve the RANSE, have
the ability to simulate efﬁciently the turbulent ﬂow problems
around ships with and without free surface effects. These codes
can produce relatively accurate results both for the ﬂow ﬁeld
and for the ship resistance. Furthermore, the use of the viscous
codes is essential for investigating some ﬂow characteristics
such as ﬂow separation near the ship stern, where the ﬂow pat-
tern can only be predicted reasonably by viscous approaches.
The numerical methods are used for solving governing ﬂuid
equations with these codes, through discretization schemes
such as ﬁnite differences and ﬁnite volume methods.
Free surface problems such as the wave making problem
can be simulated with viscous ﬂow codes depending on
whether the computational grid adapts to the shape or the po-
sition of the free surface. Therefore, two major approaches
widely applied to the free surface computations are the so-
called interface-tracking method, e.g., a moving mesh [7,8],
and the interface-capturing method, e.g., the volume of ﬂuid
method (VOF) [9,10].
The mesh in the former method moves over an underlying
ﬁxed Eulerian grid for tracking a free surface ﬂow pattern
around ship hull. This mesh only covers the domain involving
the water, where the free surface forms the upper boundary of
the computational domain and is determined as part of the
solution. This approach can be applied for moving boundary
problems, but special treatments are required for simulating
problems of large deformation such as breaking waves.
In the interface-capturing method, both air and water are
considered in the simulation and treated as two effective ﬂuids.
The numerical grids in this method are ﬁxed in space, and the
predication of the free surface location is achieved by solving
an additional transport equation.
In this study, the incompressible free surface ﬂow around the
DTMB5415model has been studied using the ﬁnite volume ﬂow
code CFX [11] at Fn = 0.28 and 0.41. The frictional resistance
and the pressure resistance (the viscous pressure resistance plus
the wave making resistance) coefﬁcients of the model hull have
been calculated numerically using the ﬁnite volume code.
The ﬂow was taken to be steady in the RANSE code simu-
lations. The standard k–e turbulence model was used in CFX
simulations. The predicted numerical results were compared
with the available experimental and numerical results for the
complex hull form of the DTMB 5415 model at the two speeds.2. Description of DTMB 5415 hull form
The model 5415 (Fig. 1) was conceived as a preliminary design
for a Navy surface combatant ca. 1980. The hull geometry in-
cludes both a sonar dome and transom stern. Propulsion is
provided through twin open-water propellers driven by shafts
supported by struts.
The principal dimensions of the DTMB 5415 are listed in
Table 1 and the test conditions that are listed in Table 2 corre-
spond to the model tests from the David Taylor Model Basin
(DTMB) in Washington DC and the Istituto Nazionale per
Studied Esperienze di Architettura Navale (INSEAN) in
Rome, Italy. Both computations and experiments are con-
ducted in the bare hull condition.
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The mathematical description of the free surface ﬂow in CFX
is based on the homogenous multiphase Eulerian–Eulerian
ﬂuid approach. Both ﬂuids (water and air) in this approach
share the same velocity ﬁeld and other relevant ﬁelds such as
temperature, turbulence, etc., and they are separated by a dis-
tinct resolvable interface. The local equations governing the
motion of an unsteady, viscous, incompressible ﬂuid (either li-
quid or gas) are the Navier–Stokes equations, which in a con-
servative formulation are given as:
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The standard k–e turbulent model was used in CFX code,
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where Gk, Gb and YM are the generation of turbulent kinetic
energy due the mean velocity gradients, the generation of tur-
bulent kinetic energy due to buoyancy and the contribution of
the ﬂuctuating dilatation in compressible turbulence to the
overall dissipation rate. In this study the model constants haveFigure 2 Computational domaitaken the following values C1e = 1.45, C2e = 1.9, rk = 1.0
and re = 1.3.
4. Computational grid
The computational domain in this study extends for 1.5L in
front of the ship hull, 2.5L behind the hull, 1.5L to the side
and 1.2L under the keel of the model. The air layer extends
0.125L above the still water surface. The grid generator of
the RANSE code (ICEM CFD) has been used for building
the required hybrid mesh for the code solver. The computa-
tional domain of the DTMB 5415 model (Fig. 2) has been
meshed with structured hexahedral grid of 95971 elements,
while the hull surface of the DTMB 5415 model and the region
around it have been meshed using unstructured tetrahedral
grid of 331924 elements (Fig. 3). The mesh was reﬁned in the
free surface region in order to get a sharp free surface. Further-
more, for predicting accurate values for CP the mesh elements
were reﬁned on and near the ship hull surface in order to cal-
culate accurate pressure forces acting on the hull form at the
two Froude numbers. Finally, the space of the ﬁrst grid from
the hull is y+  25.
5. Boundary conditions and computational methods
The no-slip boundary condition is imposed on the hull surface
of the DTMB 5415 model, that is, the ﬂuid particles on the
body move with body velocity. The static pressure at the outlet
boundary was deﬁned as a function of water volume fraction.
Furthermore, the initial location of the free surface was im-
posed by deﬁning the volume fraction functions of water and
air at the inlet and outlet boundaries. The scalable wall func-
tion was used with the turbulence model. The reference pres-
sure was set to an atmospheric pressure. Only the starboard
side of the DTMB 5415 model hull was considered with
CFX due to the symmetric properties of the problem under
consideration.
The ﬂow was considered steady in CFX calculations, and
the ﬁnite volume method is used for the discretization process.
The high resolution numerical scheme was used for discretizing
the advection terms. A linear interpolation scheme was used
for interpolating the pressure, while the velocity was interpo-n of the DTMB 5415 model.
Figure 3 Hybrid mesh for the DTMB 5415 model and its domain.
232 Y.M. Ahmedlated using a trilinear numerical scheme. The results in this
study were obtained on one computer Pentium IV 2 GHz
and 1 Gb RAM.
6. Results
The wave cuts along the hull surface of the DTMB 5415 model
at the two speeds are represented in Figs. 4 and 5. The compar-
isons between the predicted results and the available experi-
mental results show in general good agreement between the
results at the two speeds. However, the wave cut predicted
by CFX at Fn = 0.41 is somewhat under predicted than that-0.010
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Figure 5 Wave cut along the hull of thobtained from the experimental results, especially from nearly
-0.3L to 0.5L. This may give a direct indication about the
requirements of more unstructured tetrahedral mesh elements
around the DTMB 5415 hull, which could not be attained
due to the limited computational power available.
The comparison between the predicted wave pattern
around the hull form of the DTMB 5415 model by CFX, the
available experimental results [15] and the numerical results
obtained from using the potential ﬂow method [16] at
Fn = 0.28 (Fig. 6) shows the ability of CFX for predicting
nearly the same wave contours at the bow and the stern of
the model. However, the calculated wave contours at the0.1 0.2 0.3 0.4 0.5
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CFX
e DTMB 5415 model at Fn = 0.28.
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Figure 6 (a) Experimental wave contours at Fn = 0.28 [15], (b)
predicted wave contours at Fn = 0.28 (CFX), (c) predicted wave
contours by potential ﬂow method at Fn = 0.28 [16].
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numerical contours at this speed. This may refer to the difﬁ-
culty in calculating the wave contours at this low Froude num-
ber due to the small value of the wave making resistance in this
case. On the other hand, there is a good agreement between
CFX results and the numerical results [16] for the wave con-y/
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Figure 7 (a) Predicted wave contours at Fn = 0.41 (CFX), (b) predtours at Fn = 0.41 as can be seen from Fig. 7. The transverse
waves and the complex shape of the sonar dome have a pro-
nounced effect on the wave pattern in this case (Fn = 0.41),
which has been predicted well by CFX.
The detected distribution of the pressure coefﬁcient on
the model hull at Fn = 0.28 is presented in Fig. 8. The zones
of high pressure at the bow and the aft regions are detected
well by the code. The higher value of the pressure coefﬁcient
can be found at the stagnation region on the hull sonar
dome. There is a pressure gradient aft of the stagnation
pressure region and the pressure decreased at the bow and
the sonar dome until it reached its lowest value as can be
seen from the previous ﬁgure. The pressure increases again
aft of the bow region due to the effect of hull geometry
on the ﬂow pattern around the hull at this speed. Down-
stream of this position the pressure again decreases, and
approximately extends over the entire region of the hull
mid part due to nearly the constant cross-section of the hull
in this region. Finally, the effect of the hull wave pattern on
the hull pressure distribution was detected well by the code
at the draft region.
For the other speed (Fn = 0.41) the distribution of Cp on
the hull is nearly the same as that of Fn = 0.28, as can be noted
from Fig. 9. However, the pressure coefﬁcient range at
Fn = 0.41 has higher and lower values than that for
Fn = 0.28. Moreover, the wave pattern at this speed has a
more pronounced effect on the bow and the hull fore region
pressure distribution, due to the increase of wave height in this
case.
The numerical results obtained for the pressure resistance
coefﬁcient, CP ¼ RP=0:5qAV21, and the frictional resistance
coefﬁcient, CF ¼ RF=0:5qAV21 by CFX at the two speeds,
are presented in Table 3. The comparisons between the exper-
imental results [17] and CFX results in the previous table showx/L
1.0
1.0
x/L
icted wave contours by potential ﬂow method at Fn = 0.41 [16].
Figure 8 Distribution of Cp on the hull surface of DTMB 5415 model at Fn = 0.28.
Figure 9 Distribution of Cp on the hull surface of DTMB 5415 model at Fn = 0.41.
Table 3 Experimental and numerical resistance components of the DTMB 5415 model.
Froude no. Coeﬃcient Experimental results [17] CFX
Fn = 0.28 CF 2.880 · 103 2.995 · 103
CP 1.350 · 103 1.513 · 103
CT 4.230 · 103 4.384 · 103
Fn = 0.41 CF 2.806 · 103 2.738 · 103
CP 3.094 · 103 2.919 · 103
CT 5.900 · 103 6.075 · 103
234 Y.M. Ahmedthe ability of the RANSE code CFX in predicting accurate val-
ues for the resistance coefﬁcients at the two speeds.
7. Conclusions
The turbulent free surface ﬂow around the DTMB 5415 model
hull at two Froude numbers has been simulated using theRANSE code CFX. The wave proﬁles along the hull of the
model compared well against the available experimental results
at the two speeds.
The results of CFX code show the ability of predicting
good results for the free surface wave pattern around the hull
at Fn = 0.41, even with the need for more computational
grid.
Numerical simulation for the free surface ﬂow around a complex ship hull form at different Froude numbers 235The most important conclusion that can be drawn from this
study is the good beneﬁt from using the hybrid mesh with a
RNASE solver and limited computational resources for pre-
dicting the turbulent free surface ﬂow pattern around a com-
plex hull form such as that for the DTMB 5415 model
without the use of very large number of computational grid
elements [15] or the use of potential ﬂow method for calculat-
ing the wave making resistance and wave patterns beside the
use of viscous ﬂow method for predicting the frictional resis-
tance and the viscous pressure components of the model at
the different speeds [16].
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